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Preliminary study of the K¯N interaction in a chiral constituent quark model
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A preliminary investigation of K¯N interaction is performed within a chiral constituent quark
model by solving the resonating group method (RGM) equation. The model parameters are taken
from our previous work, which gave a satisfactory description of the S-, P -, D-, F -wave KN
scattering phase shifts. The channel-coupling between K¯N , piΛ and piΣ is considered, and the
scattering phase shifts as well as the bound-state problem of K¯N are dynamically studied. The
results show that the S-wave K¯N interaction in the isospin I = 0 channel is attractive, and in
the extended chiral SU(3) quark model such an attraction can make for a K¯N bound state, which
appears as a piΣ resonance in the coupled-channel calculation, while the chiral SU(3) quark model
cannot accommodate the existence of a K¯N bound state. It seems that the vector meson exchanges
are necessary to be introduced in the quark-quark interactions if one tries to explain the Λ(1405)
as a K¯N bound state or a piΣ-K¯N resonance state.
PACS numbers: 13.75.Jz, 12.39.-x, 21.45.+v
Nowadays, due to the complexity of the non-
perturbative QCD effect, people still need QCD-inspired
models to be a bridge connecting the QCD fundamental
theory and the experimental observables. Among these
phenomenological models, the chiral SU(3) quark model
and the extended chiral SU(3) quark model have been
quite successful in reproducing the energies of the baryon
ground states, the binding energy of the deuteron, the
nucleon-nucleon (NN) and kaon-nucleon (KN) scatter-
ing phase shifts, and the hyperon-nucleon (Y N) cross
sections [1, 2, 3, 4]. In the original chiral SU(3) quark
model, the quark-quark interaction contains confinement,
one gluon exchange (OGE) and boson exchanges stem-
ming from scalar and pseudoscalar nonets, and mean-
while, it is found that the short range quark-quark inter-
action is provided by OGE and quark exchange effects. In
the extended chiral SU(3) quark model, the vector me-
son exchanges are included and consequently the OGE
is largely reduced, thus the short range quark-quark in-
teraction is now dominantly provided by vector-meson
exchange and quark exchange effects.
As a matter of fact, it is still a controversial problem
for low-energy hadron physics whether gluon or Gold-
stone boson is the proper effective degree of freedom be-
sides the constituent quark. Glozman and Riska pro-
posed that the Goldstone boson is the only other proper
effective degree of freedom [5]. But Isgur insisted that
the OGE governs the baryon structure [6]. Anyway, it
is still a challenging problem in the low-energy hadron
physics whether OGE or vector-meson exchange is the
right mechanism or both of them are important for de-
scribing the short-range quark-quark interaction.
In the past few years, by use of the resonating group
method (RGM), we have dynamically studied the NN
and KN scattering phase shifts, and the ΩΩ, N Ω¯, ∆K,
ΛK and ΣK interactions within both the chiral SU(3)
quark model and the extended chiral SU(3) quark model
[1, 2, 3, 4, 7, 8, 9]. It was found that though the mech-
anisms of the short range quark-quark interaction are
quite different, these two models give quite similar re-
sults for all those hadron-hadron systems. To get some
more definite information about the short range quark-
quark interaction mechanisms, it seems interesting and
necessary to investigate some special systems where the
chiral SU(3) quark model and the extended chiral SU(3)
quark model give different contributions.
One notices that the KN and K¯N are interesting
cases, since there is a close connection of the vector-
meson exchanges between the KN and K¯N interactions
due to G-parity transition on hadron level. Specially,
the ω exchange is repulsive for KN while attractive for
K¯N , because of the negative G parity of the ω meson.
Our previous work [4] has already shown that for the
KN system the scattering phase shifts from the chiral
SU(3) quark model and the extended chiral SU(3) quark
model are quite similar, which means that in the KN
system the repulsion of OGE can be substituted by that
of vector meson exchange. Thus it is naturally expected
that for the K¯N system the results from the chiral SU(3)
quark model and the extended chiral SU(3) quark model
must be quite different since in the K¯N system the OGE
vanishes while the vector-meson exchange is attractive.
In this work, we perform a preliminary study of the
K¯N interaction in both the chiral SU(3) quark model
and the extended chiral SU(3) quark model. Let’s first
briefly review the models (the detailed formula of which
can be found in Ref. [4]). The total Hamiltonian of
baryon-meson systems can be written as
H =
5∑
i=1
Ti − TG +
4∑
i<j=1
Vij +
4∑
i=1
Vi5¯, (1)
where TG is the kinetic energy operator for the center-of-
mass motion, and Vij and Vi5¯ represent the quark-quark
and quark-antiquark interactions, respectively,
Vij = V
OGE
ij + V
conf
ij + V
ch
ij , (2)
2where V OGEij is the OGE interaction, V
conf
ij is the con-
finement potential, and V chij is the chiral fields induced
effective quark-quark potential. In the chiral SU(3) quark
model, V chij includes the scalar boson exchanges and the
pseudoscalar boson exchanges,
V chij =
8∑
a=0
Vσa(rij) +
8∑
a=0
Vpia(rij), (3)
and in the extended chiral SU(3) quark model, the vector
boson exchanges are also included,
V chij =
8∑
a=0
Vσa(rij) +
8∑
a=0
Vpia(rij) +
8∑
a=0
Vρa(rij). (4)
Here σ0, ..., σ8 are the scalar nonet fields, pi0, .., pi8 the
pseudoscalar nonet fields, and ρ0, .., ρ8 the vector nonet
fields. Vi5¯ in Eq. (1) represents the quark-antiquark
interaction,
Vi5¯ = V
conf
i5¯ + V
OGE
i5¯ + V
ch
i5¯ , (5)
with
V chi5¯ =
∑
j
(−1)GjV ch,ji5 . (6)
Here (−1)Gj represents the G parity of the jth meson.
The expressions of the potentials can be found in the
literature [3, 4, 7].
All the model parameters are taken to be the same
as in Ref. [4], which gave a satisfactory description of
the S-, P -, D-, F -wave KN phase shifts. Here we briefly
give the procedure for the parameter determination. The
three initial input parameters are taken to be the usual
values: bu = 0.5 fm for the chiral SU(3) quark model
and 0.45 fm for the extended chiral SU(3) quark model,
mu(d) = 313 MeV, and ms = 470 MeV. The coupling
constant for scalar and pseudoscalar chiral field coupling,
gch, is fixed by the relation
g2ch
4pi
=
(
3
5
)2
g2NNpi
4pi
m2u
M2N
, (7)
with the empirical value g2NNpi/4pi = 13.67. The coupling
constant for vector coupling of vector-meson field is taken
to be gchv = 2.351, the same as used in the NN case [2].
The OGE coupling constants and the strengths of con-
finement are fitted by baryon masses and their stability
conditions. All the parameters are tabulated in Table I.
From Table I one can see that in the extended chiral
SU(3) quark model, g2u and g
2
s are much smaller than the
values in the chiral SU(3) quark model. This means that
when the coupling of quarks and vector-meson field is
considered, the coupling constants of OGE are greatly re-
duced by fitting the mass splits ofm∆−mN andmΣ−mΛ.
Thus the OGE that plays an important role of the quark-
quark short-range interaction in the original chiral SU(3)
TABLE I: Model parameters. The meson masses and the
cutoff masses: mσ′ = 980 MeV, mκ = 1430 MeV, mσ = 675
MeV, mǫ = 980 MeV, mπ = 138 MeV, mK = 495 MeV,
mη = 549 MeV, mη′ = 957 MeV, mρ = 770 MeV,mK∗ = 892
MeV, mω = 782 MeV, mφ = 1020 MeV, Λ = 1500 MeV for κ
and 1100 MeV for other mesons.
χ-SU(3) QM Ex. χ-SU(3) QM
bu (fm) 0.5 0.45
mu (MeV) 313 313
ms (MeV) 470 470
g2u 0.7704 0.0748
g2s 0.5525 0.0001
gch 2.621 2.621
gchv 2.351
acuu (MeV/fm
2) 55.7 60.3
acus (MeV/fm
2) 72.1 98.8
ac0uu (MeV) −56.4 −91.8
ac0us (MeV) −63.0 −116.8
quark model is nearly replaced by the vector-meson ex-
change in the extended chiral SU(3) quark model. In
other words, the mechanisms of the quark-quark short-
range interactions in these two models are quite different.
Our previous work [4] has already shown that both
these two sets of parameters can give a satisfactory de-
scription of the S-, P -, D-, F -wave KN phase shifts.
In this work, we use the same parameters to perform a
preliminary study of the K¯N interaction by use of the
RGM.
Fig. 1 shows the S-wave K¯N and piΣ (I = 0) scat-
tering phase shifts calculated in the chiral SU(3) quark
model. One sees that the phase shifts of both piΣ and
K¯N (I = 0) are positive, which consequently means that
their interactions are attractive, and besides, the effect
of channel-coupling between K¯N and piΣ is considerable,
which is because of the big off-diagonal matrix elements
of K¯N − piΣ. We further solved the RGM equation for
a bound state problem, and the results show that there
is no piΣ or K¯N bound state since the strengths of their
attractions are not strong enough. To understand the
contributions of various chiral fields to the K¯N interac-
tion, in Fig. 2 we show the diagonal matrix elements of
the generator coordinate method (GCM) calculation [10]
in the chiral SU(3) quark model, which can describe the
interaction between two clusters K¯ and N qualitatively.
In Fig. 2, s denotes the generator coordinate and V (s) is
the effective interacting potential between the two clus-
ters. One sees that the attractive interaction of K¯N is
dominantly provided by the σ and σ′ exchanges, but the
strengths of the attractions are not very large, so that
a bound state is unable to be formed. Nevertheless on
the hadron level, the K¯N interaction has been widely in-
vestigated by use of the effective chiral Lagrange method
[11], and it is found that the K¯N interaction is attractive
enough to form a bound state. In the chiral SU(3) quark
model, if we take the parameters as the same as in the
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FIG. 1: S-wave K¯N and piΣ (I = 0) phase shifts in the chiral
SU(3) quark model. The solid and dashed lines denote the
results of single-channel and coupled-channels calculations,
respectively. The K¯N phase shifts start at Ec.m. = 102 MeV.
KN scattering study, we cannot get a K¯N bound state
since the attraction strength is not strong enough. If we
adjust the mass of σ to a smaller value, the K¯N interac-
tion will be much more attractive and it may be possible
to get a K¯N bound state, but then the KN scattering
cannot be described simultaneously.
Fig. 3 shows the S-wave one-channel K¯N and piΣ
(I = 0) phase shifts in the extended chiral SU(3) quark
model. The phase shifts indicate that both piΣ and K¯N
have very strong attractive interactions. Further study
shows that such strong attractive interactions can make
for piΣ and K¯N bound states with the binding energies
of about 4 and 12 MeV, respectively. Fig. 4 presents the
diagonal GCM matrix elements of K¯N , which denotes
the contributions of various interaction terms. Compar-
ing with Fig. 2, one sees that besides σ′ and σ, ρ and
ω also offer strong attractions, which makes the K¯N in-
teraction much more strongly attractive. The piΣ is also
much more attractive due to the contributions of vector
meson exchanges. Such strong attractions consequently
make for the piΣ and K¯N bound states.
We know from Ref. [4] that for the KN system, both
the chiral SU(3) quark model and the extended chiral
SU(3) quark model give similar contributions, though the
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FIG. 2: GCM matrix elements for the S-wave K¯N system
(I = 0) in the chiral SU(3) quark model.
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FIG. 3: S-wave K¯N and piΣ (I = 0) scattering phase shifts
in one-channel calculation in the extended chiral SU(3) quark
model. The phase shifts for K¯N scattering start at Ec.m. =
102 MeV.
short-range interaction mechanisms are quite different in
these two models. This means for the KN system, the
repulsion of OGE can be replaced by that of vector me-
son exchange. While for the K¯N system, OGE totally
vanishes and vector meson exchange contributes strong
attractions. Thus the results from those two models are
quite different: neither piΣ nor K¯N is bound in the chiral
SU(3) quark model, while both piΣ and K¯N are bound in
the extended chiral SU(3) quark model. This means the
attractions stemming from vector meson exchanges play
a dominant role in the forming of the piΣ and K¯N bound
states, which is very similar to the works done at the
hadron level with the effective chiral Lagrangian, where
the lowest order chiral Lagrangian for meson-baryon in-
teraction produces the Weinberg-Tomozawa term, which
is nothing else than the exchange of vector mesons and
does indeed produce attraction in the K¯N channel.
The appearance of the piΣ and K¯N bound states in
our model is very interesting, since on the hadron level
all models using effective chiral Lagrangian have already
reported two poles close to the Λ(1405): the higher one
couples mostly to K¯N and the lower one mostly to piΣ
[11]. We further perform a K¯N -piΣ coupled-channels cal-
culation, and the phase shifts are shown in Fig. 5. From
this figure one sees that the K¯N bound state in the one-
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FIG. 4: GCM matrix elements for the S-wave K¯N system
(I = 0) in the extended chiral SU(3) quark model.
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FIG. 5: S-wave K¯N and piΣ (I = 0) scattering phase shifts
in coupled-channels calculation in the extended chiral SU(3)
quark model. The K¯N phase shifts start at Ec.m. = 102 MeV.
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FIG. 6: Cross sections of K−p→ K−p. The dashed and solid
lines represent the results from the chiral SU(3) quark model
and the extended chiral SU(3) quark model, respectively. The
experimental data are taken from Ref. [13].
channel calculation appears as a sharp piΣ resonance just
below the K¯N threshold in the coupled-channels inves-
tigation. In Ref. [12], Takeuchi and Shimizu claimed
that the coupling of a piΣ bound state and a three-quark
state will make for a resonance near Λ(1405). Thus it can
be naturally expected that in the extended chiral SU(3)
quark model another resonance with dominant piΣ com-
ponent would appear below the K¯N threshold with the
inclusion of the coupling of a three-quark state to the piΣ-
K¯N channels. If so, of great interest is that one comes to
the same physics even using different approaches, i.e. the
chiral quark model and the effective chiral Lagrangian
method. Investigations along this line are planned for
our next-step work.
Fig. 6 shows the K−p → K−p cross sections. One
sees that the theoretical results are not far from the ex-
perimental data in both the chiral SU(3) quark model
and the extended chiral SU(3) quark model. Neverthe-
less they are not good enough, which implies that the
coupling of a genuine three-quark component to K¯N -piΣ
should be included in order to improve the description.
In summary, we perform a preliminary study of the
K¯N interaction using the same model, the same param-
eters and the same method as in the KN phase shifts
study [4]. It is found that the chiral SU(3) quark model
cannot accommodate a K¯N bound state or a piΣ-K¯N res-
onance state, while in the extended chiral SU(3) quark
model, both piΣ and K¯N are bound and the latter ap-
pears as a piΣ resonance in the coupled-channels calcu-
lation. We conclude that the vector meson exchanges
are necessary to be included in the quark-quark interac-
tion potentials if one tries to explain the Λ(1405) as K¯N
bound state or piΣ-K¯N resonance state. The K¯N cross
sections and the effects of the three quark component will
be studied in future work.
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